Methylmercury (MeHg) has remarkable toxicological effects on humans, plants, and other lives in the environment, which may restrict the comprehensive utilization of biomass source in view of possibly forming biohazardous waste. In this study, a kinetic study of MeHg degradation under UVB, UVA, natural light, and dark was carried out. e result showed that light radiation enhanced MeHg degradation but had no significant influence on the final balance between MeHg and inorganic mercury (Hg 2+ ) in pure water. e balance is of great importance and can be used as a key fundamental to estimate MeHg cycling in other complicated aquatic environments. MeHg degradation was identified to be second-order reaction using the fitting optimization level of the regression equation, and the second-order rate constants were 1.61, 0.82, and 0.91 L·ng −1 ·d −1 , half-lives were calculated to be 0.62, 1.3, and 1.08 d for UVB, UVA, and natural light, respectively. A possible MeHg degradation mechanism was proposed, and it could perfectly explain the results obtained in this paper and some previous studies.
Introduction
In the past decades, the extensive industrial and agricultural use of mercury and its compounds had resulted in serious contamination to fresh water and sea water [1] [2] [3] . Mercury-contaminated water may pose a risk to aquatic life [4] and subsequently to mankind through the food chains [5] . In addition, the possible formation of biohazardous waste from the toxin-rich biomass may restrict the comprehensive utilization of those renewable resources. e ecological and toxicological effects of mercury are positively dependent on chemical species [6, 7] . As a potent neurotoxin to human and other lives in the environment, MeHg is many times more toxic than the corresponding inorganic metal ion [8] , owing to its lipophilic and protein binding properties [9, 10] . Fortunately, aquatic MeHg content is kept at a low level because both of mercury methylation and demethylation processes are going on in the environment. Research showed that photoinduced degradation of MeHg was thought to be an important process in the biogeochemical cycling of mercury [11, 12] . Both radiation intensity and light wavelength hold the capacity to influencing MeHg degradation [13] . Some kinetic studies were carried out to calculate the reaction rate of photoinduced MeHg degradation, but significant differences were observed in the obtained results, varying over orders of magnitude [11, [14] [15] [16] . ese inconsistent results indicate that the mechanism of MeHg degradation may be different under various environmental conditions. Additionally, dissolved organic matter [17, 18] , some ions (e.g., Cl − and NO 3 − ) [13, 19] , and radicals (e.g., · OH and 1 O 2 ) [20] in water also influence reaction rate significantly. However, no matter how many influencing factors act on and which mechanism undergoes in the process of MeHg degradation, the pure chemical balance between MeHg and inorganic mercury ion (Hg 2+ ) is always the key fundamental to estimate the MeHg cycling in each aquatic ecosystem.
MeHg pool in an aquatic system was determined by the net result of processes, e.g., input, export, internal formation, and degradation of MeHg. Hence, experiments under simple conditions which start with only MeHg degradation and end with the chemical balance in an isolated system (without MeHg input or export) under constant temperature are most suitable to study the kinetic information of MeHg degradation. e kinetic data of these experiments can be used as a fundamental to establish the MeHg cycling model in a complicated aquatic system when other environmental factors were taken into account additionally. erefore, this study was carried out in pure water and the objectives were to (1) establish chemical balances between MeHg and inorganic mercury under various light conditions and (2) estimate the kinetic data of MeHg degradation under UV irradiation, natural light, and darkness.
Materials and Methods

Preparation of Stock Solution.
Clean techniques were used, and disposable gloves were worn throughout the experiments to minimize any exotic contamination. All the glassware was soaked in nitric acid for approximately 24 h and sterilized subsequently, and reaction solutions were prepared with ultrapure water (18.2 MΩ·cm −1 ). Stock solution of 1 ng·Hg·L −1 CH 3 HgCl (GR, Seattle, WA, USA) solutions was prepared, and its pH was adjusted to be 5.5 with nitric acid or sodium hydroxide. e stock solution was stored in brown quartz bottles, which were wrapped in an aluminum foil and kept in a refrigerator at 4°C.
Experimental
Design. 100 mL of 1 ng·Hg·L −1 CH 3 HgCl solution was poured into bottles (borosilicate glass, 100 mL) and a very small space was left over the solution to minimize mercury lost from the reaction system. en, the bottles were sealed with parafilm and incubated in a dark box whose inside wall was covered with aluminum foil to get ambient light. 8 UV bulbs (8 watt) were equipped in the box. e experiment lasted for 3 weeks, and 3 bottles were taken out each time at 1 d, 2 d, 4 d, 6 d, 9 d, 12 d, and 17 d for determination of MeHg concentration. Being the dominant component of UV in sunlight, UVA (365 nm) and UVB (310 nm) were employed to study the photoinduced decomposition of methylmercury in this study. e experiment was conducted under UVA, UVB, natural light, and dark, respectively, at 25°C in an air-conditioned room. Under natural light treatment, the dark box was open and the reaction solution was determined for MeHg concentration at midday to get similar light intensity (about 80-90 klx). Under dark treatment, the box was closed and all the bottles were wrapped with an aluminum foil. Under UV irradiation, 365 and 310 nm bulbs were employed to represent UVA and UVB radiations. A mini fan was equipped in a hole on the side wall of the box to keep air circulating and get constant temperature when the UV bulbs were turned on. We verified the accuracy and the precision of the data in various aspects such as blank value assay, recovery rate experiment, and parallel determination experiment.
Data Analysis.
MeHg concentration was determined using the method of 1630 [21] , and all data were analyzed by SPSS 10.0 and Origin 8.0 software for Windows. e reaction kinetic order was determined using the fitting optimization level of the regression equation.
Results and Discussion
MeHg Demethylation Trend under Various Light
Treatments. Many researchers have identified that solar UV could decrease MeHg content in surface water using field experiments [11, 16] . e photoinduced demethylation process was influenced by environmental factors (e.g., DOM, salinity, nitrate, photoreactive trace metals, and chloride) [13, 16, 20, 22] . e experiment in this study was conducted in lab, and all of the influencing factors were well controlled with light radiation as the only variable factor; data obtained in this study were much more purposeful and meaningful for further understanding of the photoinduced MeHg degradation process. MeHg concentration decreased at a faster rate in the first 6 days after the experiment started and at a lower rate in the following 15 days in all the treatments of dark, natural light, UVA, and UVB ( Figure 1 ).
Although MeHg concentration decreased in all of the treatments with different radiations, a significant difference was observed in reaction rate between different light treatments, in an order of UVB > natural light > UVA > dark. As Figure 1 shows, 90% of MeHg degraded in the prior 6 days under UVB radiation; UVA which was similar to natural light resulted in about 80% of MeHg degradation. However, in the same 6 days, only 65% of MeHg degraded in the samples treated with dark. e result suggested that light wavelength has a great influence on MeHg demethylation. According to the previous reports, · OH, produced in the Fenton reaction, should account for the fastest MeHg degradation induced by UVB treatment [20, 22] . Although UVB gave the fastest degradation rate in this study, it is noted that UVA dominates MeHg cycling in the aquatic environment [15] , as it accounts for 98% UV light. Although samples treated under dark gave the slowest degradation rate, 90% MeHg degraded after 17 d as well, suggesting that photoinduced demethylation was not the only pathway accounting for the loss of MeHg which also occurred without light radiation.
In conclusion, light radiation indeed enhanced MeHg degradation rate, but it was not essential for MeHg demethylation in the aquatic system. Most probably, MeHg demethylation undergoes different mechanisms under corresponding light treatments.
Chemical Balance of MeHg Demethylation Reaction.
It was unexpected to find such a similar final reaction state treated with UVB, UVA, natural light, and dark after incubation of 17 days, as Figure 2 shows. e ratios of MeHg to total mercury in the reaction solution were 10.51%, 11.45%, 11.60%, and 12.60% for UVB, UVA, natural light, and dark, respectively, and the differences between these ratios were rather less significant than imagined. is unexpected result verified that light radiation has a great influence on the MeHg degradation rate and most probably also to the reaction mechanism indeed, but it cannot significantly affect the final reaction balance of MeHg degradation in an isolated reaction system. However, in an open aquatic system, environmental factors such as dissolved organic matter, pH, sulfur, trace elements content, and so on will shift the balance to MeHg or Hg 2+ side.
In this study, the experiments were conducted in a lab with constant pH and temperature, and the result was influenced entirely by light radiation. Hence, the similar balance between MeHg and inorganic mercury under various light irradiations is of great implication for the researchers to understand MeHg cycling (input, output, in situ formation, and decomposition) further in an aquatic system. For example, if the ratio of MeHg and total mercury was over than 12% in lake water, most probably, some environmental factors of this aquatic system were more suitable for MeHg formation or more external MeHg was inputted to this lake. ese potential factors (in situ formation and external source) should be the focus when MeHg cycling in this lake was estimated.
Kinetic Study of MeHg Degradation under Various Light
Radiations. Plots of ln[MeHg] i /[MeHg] t versus t and 1/[MeHg] t versus t were used to validate whether MeHg degradation follows first-order or second-order reactions, respectively, where [MeHg] t means MeHg content (ng·Hg·L −1 ) at time t and [MeHg] i means initial MeHg concentration, always 1 ng·Hg·L −1 in this study. e fitting coefficients, reaction rate constants, and half-lives, which were calculated following both first-and second-order kinetic equations, are presented in Table 1 .
It is noted that the data obtained after equilibrium conversion were not meaningful to calculate the rate constant. Hence, data obtained in the prior 9 days were used to study kinetic information for UVB, UVA, and natural light treatments and 17 days for dark treatment, respectively. e results show that, under UVB, UVA, and natural light, the second-order equation is much better than the first-order equation to fit MeHg degradation. e fitting coefficients of the second-order equation were 0.94, 0.85, and 0.86, compared with that of first-order one 0.18, 0.38, and 0.48 for UVB, UVA, and natural light, respectively ( Table 1) . ese data suggest that, under light radiation, MeHg degradation is a second-order reaction rather than the first-order reaction. Under dark treatment, fitting coefficients of the first-order and second-order equations were very close, 0.83 and 0.89, and it is not enough to validate the reaction order. A hypothesis was proposed that MeHg degradation under light radiation follows an entirely different chemical mechanism from that under dark. Additionally, pH decreased by 1.6 (from 5.5 to 3.9) for solution treated under dark, while no significant pH change was observed in the solution treated under light radiation (Table 1). e difference in pH change under light and dark supports the hypothesis we proposed.
Under reaction conditions in this study, the secondorder rate constants of MeHg degradation were 1.61, 0.82, and 0.91 L·ng −1 ·d −1 , and the half-lives were calculated to be 0.62, 1.3, and 1.08 d for UVB, UVA, and natural light, respectively. Kinetic data under dark treatment could not be calculated, because the reaction order under dark could not be decided based on the data obtained in this study (Table 1) .
Proposed Mechanisms of Photoinduced Methylmercury
Degradation. As shown in Figure 1 and kinetic data in Table 1 , light irradiation can accelerate methylmercury degradation, as many previous studies have reported. Since methylmercury can be degraded directly by UV irradiation with wavelengths lower than 254 nm [23] , direct degradation of methylmercury cannot occur with the light source of 310 and 365 nm in this study. Hence, we can conclude that indirect photolysis may be the dominant pathway for methylmercury degradation in this study. Previous studies have validated that hydroxyl radicals ( · OH) play an important role in the indirect photolysis process of methylmercury due to its powerful and nonselective reactivity. For example, Zepp et al. [24] and Chen et al. [20] determined the reaction kinetics of methylmercury and · OH using the steady-state kinetic technique. In this study, · OH can be produced through photolysis of nitrate ions which was introduced into the reaction system with nitric acid when adjusting pH of the solution.
is hypothesis could be demonstrated with the following equations:
According to kinetic information obtained in this study, a possible mechanism was proposed as follows: CH 3 HgCl + · OH ⟶ CH 3 + HgOHCl CH 3 HgCl + · OH ⟶ CH 3 OH + · HgCl · HgCl ⟶ Hg 0 + · Cl · HgCl + · HgCl ⟶ Hg 0 + HgCl 2 (3) e possible side reactions are listed as follows:
e proposed mechanism gives perfect explanation to some previous studies. For example, Inoko and coworkers studied the photochemical decomposition of MeHg using mercury lamps and identified CH 3 Cl and CH 3 CH 3 as products in solution [23] . In addition, Chen et al. found CH 2 O in MeHg decomposition products [20] .
Conclusions
e MeHg degradation rate increases with decreasing radiation wavelength. Light radiation enhances the MeHg degradation but does not influence the final chemical balance between MeHg and inorganic mercury in an isolated aquatic reaction system. is ratio obtained in this study can be used as an important fundamental to estimate MeHg cycling in some complicated aquatic systems, where many environmental influencing factors are involved. Kinetic study shows that MeHg degradation is a second-order reaction and the half-life is 1.08 d under natural light in pure water.
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